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Detailed report 

(Name of invention) 

illuminating equipment and liquid crystal equipment 

Abstract 
(Object) 

This invention is a Uquid crystal display with high efficiency and an illuminating 
device which is suitable for the same. 

(Constitution) 

A polarizer 7t is arranged on the output side of a flat transparent body 3 which has 
an edge light so that light is output almost at a right angle to the surface of the flat 
transparent body. On top of that, there is a polarizing separator 6 where the polarizing 
separation layers are laminated in the grooves of column shaped prisms with triangular 
section. 



Adjustment No. in OflBce Fl 
7408-2K 
9224-2K 
6920-2K 

numbers of claims: 5 FD 



sphere of patent request 
(claim 1) 

In the field of illuminating equipment which consists of a light source and flat 
transparent body placed close to the light source, claim 1 is concerning an illuminating 
device which has the following characteristics. The hght source is placed at the side of 
the flat transparent body. A polarizer is arranged on the output side of the flat 
transparent body 3 so the output is ahnost at right angles to the surface of the flat 
transparent body. A polarizing separator where polarizing separation layers are 
laminated on the grooves of column shaped prisms with triangular section is placed on 
top of that. 

(Claim 2) 

hi the illuminating equipment in claim 1, claim 2 is concerning illuminating 
equipment where the polarizer is column shaped prisms with triangular section. 

(Claim 3) 

hi the illuminating device stated in claim 1 or 2, claim 3 is conceming 
illuminating equipment where the polarizing separation layer is made by laminating a 
transparent medium with relatively high refractive index and a transparent medium with 
relatively small refractive index alternately. 

(Claim 4) 

In the illuminating device stated in claim 1 or 2, claim 4 is conceming 
illuminating equipment where the polarizing separation layer consists of a dielectric thin 
film which has at least one or more layers with 1000 nm or less thickness. 

(Claim 5) 

Claim 5 is conceming liquid crystal display equipment where the illuminating 
equipment in any of claims 1 to 4 is placed on the back side of a liquid crystal display 
element so that the average polarizing axis of light output from the illuminating 
equipment and the polarizing axis of the polarizing plate at the at light source almost 
match. 

Detailed explanation of invention 
[0001] 

(Field of industrial use) 

This invention is conceming a flat illuminating device which is arranged on the 
back of a liquid crystal display element that changes the polarization of straight polarized 
input light, and a straight-view type liquid crystal display element which uses the same. 
This invention can be used for Uquid crystal TVs or liquid crystal displays for computer. 



[0002] 
(Prior art) 



Recent advancements in liquid crystal display technology, especially color 
elements, are huge. A display equal in quality to a CRT is not uncommon. 
[0003] Until recently, black and white displays used a reflection type liquid crystal 
display element without a back light - that is, a flat illuminating device. However, 
currently, even black and white displays have been replaced by transmission type liquid 
crystal display elements which use a back light. In addition, notebook computers are 
common, and models with a back light are main stream in the market. Color liquid 
crystal displays require a back light. A back light has also been necessary for straight 
view type liquid crystal display equipment. 

[0004] Color liquid crystal display equipment can be roughly divided into two types - TN 
liquid crystal display equipment driven by an active matrix which use TFT and STN 
liquid crystal display equipment which use a multiplex drive. Both have a polarizing 
plate at the light source and on the output side of the element where a liquid crystal layer 
is retained by a glass substrate. It changes the polarization of direct polarized incident 
light for the hquid crystal display. 

[0005] The luminosity level required of the back light depends on each appUcation. 
However, color notebook computers demand not only luminosity, but also thin, light 
weight, power saving models. 

[0006] 

(Problem that this invention tries to solve) 

However, since the light source of the liquid crystal display element is non- 
uniform with random polarization, in both the TN type and STN type liquid crystal 
elements more than half of the incident light is absorbed by the polarizing plate on the 
input side of the display element, and light usage efficiency is low. As a result, the 
display is dark. Or, if tiie brightness is turned up, power consumption increases. 
[0007] In order to solve these problems, especially when the liquid crystal display 
equipment uses a transmission type projector as its light modifying device, if permission 
degree per depth of the device is hi^, for instance as in Japan patent No. H 4-184429, 
there is the following suggestion. That is, a polarizing separator which separates non- 
polarized light into perpendicularly polarized light is put between the light source and 
liquid crystal display equipment. One polarization is directly output fi-om the polarizing 
separator, and the other polarization is collected at the light source lamp and is used 
again. 

[0008] There are various methods for making a flat illuminating device, but they are 
roughly divided into two kinds. The most common method is called the internal 
illuminating method or straight down method where the light source is inside the 
illuminating surface. In the edge hght model, the light source is placed outside of the 
illuminating surface. A linear source like a fluorescent lamp (most are cool cathode 
electric discharge tubes) is tightly bonded to one or both sides of a transparent acryl resin 
illuminating surface. The lamp cover has a reflector which directs rays into the 
transparent body. For color notebook computers, since they must be light weight and 
thin, the edge light type back light is effective. 

[0009] It is possible in principle to apply the technology in Japan patent No. H 4-184429 
to make a flat internal light source. However, no effective methods have been suggested 
for the edge light type back light. 



[0010] The object of this invention is to solve the problems with the prior art as stated 
above. 

[0011] 

(Steps for solution) 

This invention has been made in order to solve the above problems with the prior 
art. In the field of illuminating equipment which consists of a light source and a flat 
transparent body placed close to tiie light source, this invention offers an illuminating 
device which has the following characteristic. The light source is placed at the side of the 
flat transparent body. A polarizer is arranged on the output side of the flat transparent 
body 3 so the output is almost at right angles to the surface of the flat transparent body. 
A polarizing separator where polarizing separation layers are laminated on the grooves of 
column shaped prisms with triangular section is placed on top of that. This invention also 
includes liquid crystal display equipment which uses the same. 

[0012] The polarizing separator used in the illuminating device of this invention has the 
following structure. As indicated in SID 92 Digest p.427 for example, a polarizing 
separation layer made by laminating a transparent medium with relatively high refi'active 
index and a transparent medium with relatively small refi'active index alternately is 
laminated into ally-like colimm-shaped triangular prisms on the surface containing the 
average output axis. 

[0013] The polarizing separation layer may consist of a dielectric thin film that has at 
least one layer with thickness less than 1000 nm. Following is an explanation of a 
product which uses a multi layer structure as the polarizing separation layer. 
[0014] Figure 2 shows such a polarizing separator. As shown in figure 2, 11, 13 are 
triangular column-like prism shaped structures which consist of a transparent material 
such as polycarbonate. The angle of the triangle that faces the flat transparent body is 
fi*om 85*^ to 95^, preferably approximately 90°. 12 is a multi layer structure made by 
laminating a transparent medium with relatively high refi'active index and transparent 
medium with relatively small refi-active index altemately to use the interference effect. 
The multi layer structure 12 separates the polarized rays incident in an oblique direction 
to the surface. In this invention, especially, the multi layer structure is designed to 
separate polarized light incident at 45°. 

[0015] Non-polarized light 14 is changed to p polarized Ught 16 and s polarized light 15 
by the multi layer structure. P polarized light 16 is transmitted through the multi layer 
structure 12, and s polarized light 15 is reflected twice and retums. This prevents 
absorption in the polarizing element. 

[0016] The shape of the surface of the transparent edge lighted back light is selected to 
avoiding complete reflection. One way to shape the surface of the transparent body to 
avoids total reflection is to form a diffuse white material on the surface of the transparent 
body and to form lenticular or Fresnel prisms. 

[0017] However, in general, it is hard to output light at right angles to the surface of the 
transparent body. Even with the above methods, it is normally output at 20° to 35°. 
Therefore, a polarizing step is arranged at the output side of the flat transparent body. 
[0018] The polarizer has colunms of triangular prisms containing the mean optical axis of 
output light. The angle of the triangle facing the flat transparent body should be fi-om 50° 
to 75°. 



[0019] With this construction, the p polarized light component is transmitted through the 
multi layer structure and is incident on the liquid crystal display element after passing 
through the polarizing plate, and the s polarized component s is reflected inside the flat 
transparent body. This reflected s polarized component changes phase when it is 
reflected repeatedly by the surface of the flat transparent body, and p polarized light is 
generated. This p polarized light is transmitted by the above multi layer structure. 
Accordingly, repeated reflection of the s polarized component by the multi layer structure 
transforms it to p polarized light which will be transmitted to the liquid crystal display 
element. As a result, losses are small, and flat illimiination equipment which uses a 
straight polarized light source with high efficiency can be acquired. 
[0020] When the liquid crystal display element of this invention is used in flat, edge 
lighted illuminating equipment, its constitution is as shown in figure 1 . 
[0021] One side of a transparent acryl resin plate 3 forms the illuminating surface. A 
fluorescent lamp 1 (cool cathode electric discharge tube) which matches the length of the 
side of the transparent body is tightly bonded to this plate 3. A lamp cover 2 which 
consists of a reflector is arranged, and light is introduced into the transparent body. At 
this point, the direction of incident light (angular distribution) transmitted by the 
transparent body depends on the features of the fluorescent lamp, features of the 
reflector, and transmission of the transparent plate. Especially, the transparent body has 
to transmit light incident firom the edge forward output the light in a predetermined 
direction. 

[0022] The former function is determined by the material used and reflection at the 

interface. On the liquid crystal display element 10 side of the transparent body 3, light 
incident at angles higher than the critical angle 9e determined by the reflective index of 
the transparent body 3 is entirely reflected and transmitted back into the transparent 
body 3. Light incident at angles less than the critical angle Ge is refi-acted by the surface 
of the transparent body 3, and it is output to the liquid crystal display element 10. For 
instance, the critical angle 0e at the interface between gas (n = 1.0) and a transparent 
resin, for example, a plastic such as acryl, polycarbonate, polyurethane, polystyrene (n is 
approximately 1.5) will be approximately. 
[0023] 

number 1: Be =sin^ (l/n) = 41.8° 

[0024] That is, light incident at angles less than 41.8° can be output fi-om the light 
illuminating surface of the transparent body 3. 

[0025] Meanwhile, if a reflective surface 5 such as aluminum is formed opposite from 
the liquid crystal display element, reflected light is introduced inside the transparent 
body as proper reflected light. In addition, the reflective surface 5 can be a diffiise 
reflector in order to increase output of the liquid crystal display element 9 of the 
transparent body 3. 

[0026] Furthermore, if most of the light is incident on the transparent body 3 at angles 
higher than the critical angle Ge, since light output fi-om the transparent body is small, it is 
necessary to avoid the total reflection condition to allow light to be output to the liquid 
crystal display element 9 side of the transparent plate 3. To achieve this, there are 
methods which form diffuse white material on the surface of the transparent body 3, and 
methods which form lenticular or Fresnel prisms 10 (micro lens, prism, etc.). However, 
using only these methods, straight polarized light cannot be output. 



[0027] With the edge lighted back light, as stated above, the direction of light transmitted 
through the transparent body and output is not perpendicular to the liquid crystal display 
element. It is output between +20° and -20° to the multi layer film structure of the 
polarizing separator. Accordingly, to transform the flat illuminating device which has a 
biased Hght distribution is transformed to the perpendicular direction, it is effective to 
form lenticular or Fresnel prisms (rows of micro lenses or prisms, etc.). 
[0028] hi figure 1, the rows of prisms 7 are parallel to the optical axis of light transmitted 
through the transparent body 3 between the polarizing separator and transparent body. 
That is, in this case, columns of triangular prisms containing the mean optical axis of the 
output light are formed. Depending on the shape and placement of the prisms (whether 
the top angle is on the incident side or output side), there are cases where refi-action is 
produced on only at the incident surface and output surface of the prism, but total 
reflection may also occur at other surfaces. The best shape is determined from the final 
distribution of directions needed and the distribution of light output from the multi layer 
structure. 

[0029] Figure 1 shows rows of isosceles prisms with a 58° top angle placed so that the 
top angle faces the multi layer structure. By using rows of these prisms, it is possible to 
transform light output near 56° from the multi layer structure to a direction almost 
perpendicular to the surface of the liquid crystal display element. 
[0030] Accordingly, a straight polarized flat illuminating device can be used for a liquid 
crystal display element which outputs light perpendicular to its surface. There are cases 
where the directional feature of the transparent body is strong - as a result, light output 
from the flat illuminating equipment is concentrated in the perpendicular direction and 
the viewing angle corresponding to a bright display becomes narrow. In this case, it is 
possible use an optical element such as a diffiiser 8 between the liquid crystal display 
element and the prisms to reduce the directional feature, etc. 
[0031] Also, in order to reduce the directional feature of light transmitted inside the 
transparent body, a diffuse reflector 5 can be used opposite from the liquid crystal display 
element. In addition, it is possible to make the multi layer structure itself with a fine 
textured structure to generate diffraction at the interface as well. 

[0032] In this invention, in order to acquire straight polarized light effectively from a flat 
illuminating device, it is important to re-use the s polarized component reflected by the 
multi layer structure by transforming it effectively to p polarized light during 
transportation in the transparent body. There are various methods to transform this s 
polarized light to p polarized light. In the following, representative examples are going to 
be explained. 

[0033] In general, when straight polarized light is incident at an oblique angle on a metal 
surface, the reflected straight polarized Ught becomes oval polarized light in accordance 
with the optical properties of the metal (refractive index n, absorbing coefficient k). That 
is, even if s polarized light is incident, p polarized light is generated in the reflected 
component. Accordingly, in this invention, when the reflector 5 opposite from the liquid 
crystal display element 9 of the transparent body 3 is a metal such as aluminum, every 
time light is reflected by this surface, a portion of the polarized light is transformed to p 
polarized light. 

[0034] As an additional method, a phase difference plate which consists of a transparent 
polymer is known to rotate the polarizing axis. By placing a phase difference plate 4 



with the appropriate fihn thickness between the reflective surfaces 5 of the transparent 
body 3, s polarized light reflected by the polarizing separator becomes oval polarized 
light, and a part of it can be transformed to p polarized light. Figure 1 shows an example 
which uses a Vi phase difference plate 4 bonded to the reflective surface 5 on the 
transparent body 3. 

[0035] In addition, although the above example uses acryl resin for the transparent body, 
it can be polycarbonate, polyurethane, polystyrene, silicon, etc. 

[0036] 

(Example of practice) 

Referring to figure 1, one example of practice of this invention is going to be 
explained. A fluorescent lamp 1 (cool cathode electric discharge tube) was tightly 
bonded to one side of a transparent acryl resin plate 3 which is the illuminatmg surface. 
A lamp cover 2 which consists of a reflector was set up, and light was introduced into the 
transparent body. An edge type back light was combined with a multi-layer polarizing 
separator 6. 

[0037] A low, thin cool cathode electric discharge tube 1 the same length as the side 
(152 mm) of a 10 inch liquid crystal display surface was used. The lamp cover 2 was 
either a cylindrical or oval mirror which wrapped around the cool cathode electric 
discharge tube. The transparent body 3 was made of an acryl resin (n is almost 1 .5) plate 
which was 150 mm x 220 mm x 5 mm. 

[0038] A phase difference plate 4 was placed on the side of the transparent body 3 
opposite the fluorescent lamp. On top of that, a metal fihn reflector was formed. Rows 
of prisms 8 consisting of isosceles triangles with a 58° top angle were placed with the top 
angle facing the transparent plate 3. The thickness of the prism plate was 2 mm, and the 
row pitch was approximately 1 mm. On top of that, a polarizing separator 6 was used. 
Furthermore, a diffusing plate 8 was used on the output side of the polarizing separator 6 
to increase the viewing angle. 

[0039] The liquid crystal display element 9 was an RGB color TFT driven TN liquid 
crystal display cell with pixels corresponding to VGA. 

[0040] The polarizing axis of light fi-om the polarizing separator 6 and the polarizing axis 
of the incident side polarizing plate of the liquid crystal display element 9 were roughly 
matched. 

[0041] The output side polarizing plate of the hquid crystal display element 9 had a photo 
absorption type organic polarizing plate. The direction of the polarizing axis is selected 
depending on the display mode (normally white, normally black). In this example of 
practice, it was adopted as a normal display. The polarizing axis of the polarizing plate 
on the output side was rotated 90° to the polarizing axis of the polarizing plate on the 
incident side. The Ught source was a lOW fluorescent lamp. 

[0042] As an example of comparison, a phase difference plate 4 and polarizing separator 
6 were not used. As a result, the example of practice was 1.5 times brighter than the 
example of comparison. 

[0043] 

(Effects of this invention) 



According to this invention, liquid crystal display equipment with high efficiency 
and illuminating equipment suitable for that can be acquired. 

(Simple explanation of figures) 

Figure 1 : section of one example of practice of this invention 
Figure 2: section of the polarizing separator of this invention 

(Explanation of symbols) 

1: fluorescent lamp 

2: lamp cover 

3: transparent body 

4: phase difference plate 

5: reflective surface 

6: polarizing separator 

7: prisms 

8: diffusion plate 

9: liquid crystal display element 
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